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ORIGINAL ARTICLE
Outpatient follow-up after mild traumatic brain injury: Results of the
UPFRONT-study
M. E. de Koning a, M. E. Scheenen b, H. J. van der Horn a, G. Hageman c, G. Roks d, T. Yilmaz d,
J. M. Spikmanb, and J. van der Naalt a
aDepartment of Neurology, University of Groningen, University Medical Center Groningen, Groningen, Netherlands; bDepartment of
Neuropsychology, University of Groningen, University Medical Center Groningen, Groningen, Netherlands; cDepartment of Neurology,
Medical Spectrum Twente, Enschede, Netherlands; dDepartment of Neurology, St. Elisabeth Hospital, Tilburg, Netherlands
ABSTRACT
Objective: To investigate outpatient follow-up after mild traumatic brain injury (mTBI) by various medical
specialists, for both hospitalized and non-hospitalized patients, and to study guideline adherence
regarding hospital admission. Methods: Patients (n = 1151) with mTBI recruited from the emergency
department received questionnaires 2 weeks (n = 879), 3 months (n = 780) and 6 months (n = 668) after
injury comprising outpatient follow-up by various health care providers, and outcome defined by the
Glasgow Outcome Scale Extended (GOS-E) after 6 months. Results: Hospitalized patients (60%) were
older (46.6 ± 19.9 vs. 40.6 ± 18.5 years), more severely injured (GCS <15, 50% vs. 13%) with more
Computed Tomography (CT) abnormalities on admission (21% vs. 2%) compared to non-hospitalized
patients (p < 0.01) . Almost half of the patients visited a neurologist at the outpatient clinic within six
months (60% of the hospitalized and 25% of the non-hospitalized patients (χ2 = 67.10, p < 0.01)), and
approximately ten per cent consulted a psychiatrist/psychologist. Outcome was unfavourable (GOS-E
<7) in 34% of hospitalized and 21% of non-hospitalized patients (χ2 = 11.89, p < 0.01). Conclusion: Two-
thirds of all mTBI patients consult one or more specialists within six months after injury, with 30% having
an unfavourable outcome. A quarter of non-hospitalized patients was seen at the outpatient neurology
clinic, underling the importance of regular follow-up of mTBI patients irrespective of hospital
admittance.
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Traumatic brain injury (TBI) is one of the most common
acute neurological disorders. In Europe, approximately
100–300 per 100,000 inhabitants are admitted to the emer-
gency department (ED) annually, and the amount of TBI-
related hospital visits is increasing [1,2]. The associated
direct health care costs for these hospital visits are esti-
mated around €10 billion [3]. The majority of TBIs (75–
90%) are classified as mild TBI (mTBI) [1], and although
most patients with mTBI recover within weeks to months
without residual impairments, persistent complaints and
delayed return to work occur in 15–20% of all cases [4,5].
However, it is unclear how frequently mTBI patients return
to the outpatient clinic for follow-up in case of persistent
complaints.
Most studies on outcome after mTBI do not differentiate
between hospitalized and non-hospitalized patients, while there
are clear differences between the groups. First, hospitalized
patients are more severely injured [6], and second, since guide-
lines recommend different aftercare following mTBI after hos-
pitalization or direct discharge, it is probable that different
follow-up pathways exist. The decision whether a mTBI patient
has to be admitted to the hospital ward (or Intensive Care Unit)
has been studied in various mTBI cohorts, which has led to
European guidelines for ED treatment, admission and follow-
up for this patient category [6,7]. Outpatient follow-up in the
sub-acute phase after injury is recommended at least once for
hospitalized patients. Conversely, for non-hospitalized patients
specialized follow-up is only indicated when patients have per-
sisting complaints interfering with daily activities. Although
follow-up is indicated in the case of delayed recovery, it is not
specified who is the most appropriate specialist to refer to and
within which time frame after injury.
The aim of this study was to examine outpatient follow-up by
various health care providers in a prospective cohort of patients
with mild traumatic brain injury (mTBI), up to 6 months after
injury. Since hospital admission is closely related to follow-up,
this was also investigated as part of this study. Given the assumed
differences between hospitalized and non-hospitalized patients,
we believe that it is relevant to determine care consumption and
outcome separately for these subgroups of mTBI, to assess the
clinical practice of aftercare for patients with mTBI.
Methods
Participants
This study was part of a prospective multicentre cohort study
on mTBI (UPFRONT-study). Patients were recruited from
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2013 to 2015 at the ED of three participating trauma centres
in the Netherlands: University Medical Center Groningen
(UMCG), Medical Spectrum Twente, and St. Elizabeth
Hospital. All patients classified as mTBI according to the
European Federation of Neurological Societies (EFNS) guide-
lines (i.e. GCS 13-15, PTA <24 hours and/or LOC <30 min-
utes) were eligible for inclusion [7]. Patient and injury
characteristics were obtained from medical records. Patients
admitted to the hospital ward were defined as hospitalized,
patients discharged directly from the ED were defined as non-
hospitalized. The EFNS guideline for head injury treatment at
the ED was applied in all participating centres. It comprises
recommendations for treatment, discharge and follow-up, and
describes criteria for hospital admittance. These criteria were
used to evaluate the clinical practice of admission and follow-
up in the UPFRONT-cohort.
CT-scans performed at the ED were classified according to
the Marshall criteria [8], scores were dichotomized into normal
CT (score 1) and abnormal CT-scan (score 2–6). Abnormal
scans included only trauma-related findings such as intracranial
haemorrhage, contusions and oedema. Injury Severity Scores
(ISSs) [9] were calculated based on hospital records, to assess
physical injuries.
Exclusion criteria were age under 16 years, substance
abuse, language barrier and inability for follow-up. The
study protocol was approved by the ethical committee of the
UMCG. Informed consent was obtained from all participants,
for patients with age 16–18 years, a parent/guardian also
completed the informed consent form.
Measures
Participants of the UPFRONT-study were asked to com-
plete questionnaires two weeks, three months and six
months after injury regarding outpatient clinic visits and
specific questionnaires for complaints and mood. The ques-
tions on outpatient clinic visits were aimed specifically to
obtain information on aftercare or follow-up related to the
trauma.
Head Injury Symptom Checklist (HISC) [10,11]. The HISC
assesses posttraumatic complaints (PTCs) and is modified
from the Rivermead Postconcussion Questionnaire [12]. The
checklist addresses 21 PTCs such as headache, dizziness, for-
getfulness and fatigue on a 3-point Likert scale, comparing
complaints before and after injury.
Hospital Anxiety and Depression Scale (HADS) [13].
Symptoms of anxiety and depression were measured by
means of the HADS. This questionnaire consists of two sub-
scales with seven questions each (score 1–4). Sum scores vary
from 1 to 28, with the cut-off for anxiety and depression set as
8 or higher.
Glasgow Outcome Scale Extended (GOS-E) [14]. Outcome
was determined six months after injury with the GOS-E. The
GOS-E consists of an 8-point scale, ranging from death (score 1)
to complete recovery (score 8). Favourable outcome is defined
by a GOS-E score 7–8, unfavourable outcome by a score of <7.
Statistical analyses
The data were analysed using SPSS 22.0. Baseline characteristics
were compared between hospitalized and non-hospitalized
patients using parametric (Student t-test) and non-parametric
(χ2-test, Mann–Whitney U test) testing when appropriate.
Guideline adherence was measured based on patient and injury
characteristics. Follow-up visits at the outpatient clinic and out-
come were described for the entire cohort and compared
between hospitalized and non-hospitalized patients.
Results
In total, 1151 patients were included in the UPFRONT-study.
Sixty per cent of all patients were admitted to the hospital, mostly
for one day (48%), with mean length of stay (LOS) of 3.4 days
(±5.7). Figure 1 illustrates the distribution of participants among
hospital admittance and discharge, and the number of complete
information on pathways of care at different follow-up
moments. Patients who did not complete the first questionnaire
were significantly younger (37.5 vs. 46.2 years, p < 0.005) than
patients who completed the first questionnaire, other patient
characteristics did not differ significantly. The mean age of the
overall cohort was 44 years (±19.6), most patients weremale, and
mainly injured by a traffic accident or fall. All baseline, injury
and clinical characteristics are provided in Table 1.
Posttraumatic complaints
Two weeks after injury, patients had on average five PTCs, with
no significant difference between hospitalized and non-hospita-
lized patients. The five most common complaints were: fatigue,
headache, dizziness, increased need for sleep and poor concen-
tration. Of all patients, 16% scored above the cut-off value for
depression, with no differences between hospitalized and non-
hospitalized patients. In the non-hospitalized group a signifi-
cantly higher percentage of patients scored above the cut-off for
anxiety, compared to hospitalized patients (23% vs. 16%, p =
0.016).
Six months after injury, 46% of non-hospitalized patients
reported more than one PTC, compared to 61% of the hospita-
lized patients (p < 0.001).
Outpatient follow-up
Almost all (98%) patients were discharged home either directly
from the ED or hospital ward. A minority was discharged to a
rehabilitation centre. Figure 2 presents outpatient follow-up
visits for both hospitalized and non-hospitalized patients.
Approximately half of the patients visited a neurologist in the
first six months after injury (60% of hospitalized and 25% of
non-hospitalized patients, χ2 = 67.1, p < 0.001). Seven per cent of
the non-hospitalized and 12% of the hospitalized patients visited
a psychiatrist or psychologist within six months after their
injury.
Figure 3 provides cumulative percentages of consulted





























Figure 1. Flow schedule of follow-up for hospitalized and non-hospitalized patients.
Table I. Patient characteristics.
All patients 1) Hospitalized 2) Non-hospitalized Difference 1–2
n = 1151 (n = 689) (n = 462) p-value
Demographics
Age, years, mean (SD) 44.1 (19.6) 46.6 (19.9) 40.6 (18.5) <0.005a
Male gender 62 66 57 0.005b
Pre-injury employment status 0.076c
- Working/student 66 63 71
- Not working 34 37 29
Injury characteristics
Cause of injury <0.005c
Traffic
- Motor Vehicle Accident 17 21 12
- Bike accident 29 30 28
- Pedestrian 3 4 3
Fall 36 34 38
Assault 8 5 12
Sport injury 2 1 3
Other 5 5 4
ISS score, mean (SD) 7.2 (5.0) 8.4 (5.8) 5.2 (1.8) <0.005a
Alcohol usage day of injury 35 38 32 <0.005b
EMV score ED <15 35 50 13 <0.005b
Posttraumatic amnesia <0.005c
- None 13 9 19
- < 1 hour 58 49 70
- 1 hour – 1 day 29 42 11
Loss of consciousness (yes) 85 86 85 0.292b
CT-abnormalities 14 21 2 <0.005b
































Figure 2. Outpatient follow-up visits by different health care providers for hospitalized (A) and non-hospitalized (B) patients.





























were seen by one or several specialists within three months
after injury, while more than half of the non-hospitalized
patients did not consult a specialist. Six months after injury,
67% of the entire group had consulted at least one specialist
(80% of hospitalized and 45% of non-hospitalized patients),
with an average of five PTCs.
Outcome
Six months after injury, the majority of patients showed
complete (GOS-E 8, 56%) or almost complete (GOS-E 7,
14%) recovery. Moderate disability (GOS-E 5–6) occurred in
22%, and severe disability (GOS-E <5) in 8% of cases. There
were no significant within-group differences with regard to
the ISS. Outcome of non-hospitalized patients was signifi-
cantly more often favourable than of hospitalized patients
(79% vs. 66%, χ2 = 11.89, p < 0.001).
Hospitalized vs. non-hospitalized patients
Figure 4 illustrates guideline adherence for hospital admittance,
fifty per cent of patientsmet the criteria for hospital admission, the
actual amount of admitted patients was 60%. Discharged patients
who should have been admitted (n= 94, 8%)were relatively young
(35.6 ± 15.6 years), more often male (72%) and more often
intoxicated with alcohol (50%). The category of admitted patients
who were not indicated for admission (n = 207, 18%) were older
(49.3 ± 20.0 year), with mean LOS of 2.7 days (±6.4), 54% stayed
for only one day.
Discussion
In this study we assessed outpatient follow-up after mTBI,
separately for hospitalized and non-hospitalized patients. We
found that two-thirds of all patients were seen at least once at
an outpatient clinic, mostly by neurologists. For non-hospita-
lized patients, the follow-up rate at neurologists’ of 25% in the
first six months and unfavourable outcome in one in five of
patients were unexpected findings that highlight the impor-
tance of follow-up for all mTBI patients regardless of whether
patients are admitted to the hospital.
We measured follow-up by different health care specialists
up to six months after injury and demonstrated that two-
thirds of all patients in our cohort were seen at least once at
the outpatient clinic, mostly by neurologists. A considerable
part of both the hospitalized and non-hospitalized patients
were seen by surgeons and physical therapists, indicating that
physical injuries might require attention up to six months
after injury. The mean ISS was comparable with findings of
the TRACK-TBI study, demonstrating that physical problems
and related treatments are part of the heterogeneous mTBI
spectrum [15]. Most outpatient contacts declined over time,
however, those with psychiatrists/psychologists showed a con-
sult rate of approximately 10% after six months, a figure
which was also observed in a recent study among moderate
and severe TBI patients [16]. Although the reason for con-
sultation (e.g. due to psychological problems or complaints of
cognitive nature) was outside the scope of this study, this
finding indicates that psychological problems are long-lasting,
and occur in patients with varying TBI severities. This impli-
cates that not the injury itself but also pre-injury character-
istics might be involved in the development of these problems
[17,18].
More than half of the hospitalized patients consulted one or
more specialist within six months after injury, probably due to
problems on various levels of functioning (e.g. cognitive and
physical). This is further supported by a reported average of five
PTCs within different domains. Former studies have indicated
that moderate and severe TBI patients often deal with various
problems, and that rehabilitation physicians are important care
providers in long-term aftercare for these patients [16,19]. We
observed a relatively low follow-up rate with rehabilitation phy-
sicians. However, since persistent complaints and long-term
vocational reintegration are a problem for a substantial part of
the mTBI population [20,21], rehabilitation physicians might
become more involved in a later phase, outside the time frame
of the current study. Although guidelines specify that all patients
who are admitted to the hospital should be seen at least once at
the outpatient clinic, only 60% had visited a neurologist in the
first six months after injury. An explanation for the fact that a
large part was not seen for follow-up is that patients with a good
recovery are expected not to feel the need for follow-up [22].
Figure 4. Guideline adherence for hospital admittance.




























Surprisingly, in the non-hospitalized cohort, 25% of all
patients consulted a neurologist in the first six months after
injury. This finding questions the clinical practice that only
patients who are admitted to the ward should be seen for
outpatient follow-up. Two weeks post-injury a comparable
amount of PTCs were present in the two investigated
groups. Yet, non-hospitalized patients were more often
anxious, which might be related to uncertainty regarding
the persistence of complaints [23]. The non-hospitalized
patients, who are expected to make a full recovery and
are not scheduled for regular follow-up, might feel a lack
in opportunity to ask additional questions on expected
recovery, despite the fact that an information leaflet was
provided on discharge from the ED [10,15]. Whether inten-
sified follow-up could help dealing with this uncertainty
towards recovery is largely uninvestigated. Two recent
papers reported on the effect of an information interven-
tion aimed at high-risk patients (≥three complaints 10 days
after injury), in which the authors conclude that the inter-
vention had no effect on activity or participation nor on
PTC level after three months [24,25]. Since we found no
differences in the average number of complaints between
our two groups after two weeks, it might be argued that the
identification of at-risk patients based on number of com-
plaints is not appropriate for assessing the need for out-
patient follow-up. Other factors such as anxiety might be
more accurate in the identification for specialized aftercare,
but more research is needed in this area [26].
In our cohort, 30% of patients had an unfavourable outcome
six months after injury, which is comparable to earlier findings.
[15] A recent study suggested that the relatively worse outcome
for patients with mTBI, when compared to moderate TBI, is
explained by sickness awareness [27]; patients with mTBI are
more aware of cognitive and behavioural disabilities and are
therefore less satisfied with their outcome in comparison to
more severely injured patients, who might be less aware of their
problems. These mechanisms could also explain the unfavourable
outcome in one in five of non-hospitalized patients; the awareness
of their disabilities in combination with expectation of full recov-
ery, which causes dissatisfactionwith current levels of functioning.
The implication of the high rate of outpatient follow-up
might be that aftercare should be scheduled for all patients
irrespective of hospital admission. Although guidelines
describe clear indications for hospital admission [7], we
found that hospital admission is not always guideline-
based but varies according to clinical practice. Given the
fact that mTBI guidelines for follow-up are solely based on
hospital admission, and a substantial amount of non-hos-
pitalized patients has an unfavourable outcome, a sugges-
tion might be to alter the guidelines for follow-up, to
ensure proper aftercare for all patients. Whether this after-
care should take place with follow-up at the outpatient
clinic, within multidisciplinary teams or if phone counsel-
ling is sufficient, should be studied more extensively.
Limitations
Similar tomost longitudinal mTBI studies, the generalizability of
our findings are limited by selection bias and drop-out of
patients. Research has shown that patients with good outcome
are often lost to follow-up, which in our case could have led to an
overestimation of outpatient visits and a bias towards worse
outcome [28,29]. Another factor that questions the generaliz-
ability of our study is patient recruitment at the ED, while a part
of the mTBI population does not consult any physician or only a
general practitioner [30,31]. The burden of mTBI on society
might be higher than estimated in the current and previous
studies, if a part of this non-ED-visiting population also develops
problems.
This study aimed at determining the aftercare of patients
with mTBI, assessing follow-up by health care providers in
different domains of care. However, we did not examine the
reasons for outpatient follow-up, apart from it being trauma-
related. We demonstrated that six months after injury many
mTBI patients are still in the care system, with PTCs within
several domains. Future studies should point us in the direc-
tion as to whether different specialists are dealing with differ-
ent problems, which might lead to more clear guidelines for
scheduled follow-up and referral.
Conclusions
n conclusion, the current study identified that 30% of all mTBI
patients has an unfavourable outcome, and outpatient clinic
visits are common. Even one in four of the non-hospitalized
patients was seen by a neurologist in the first six months after
injury and approximately ten per cent of all patients needed
psychological care. Specialized follow-up related to problems in
the physical domain comprised another substantial part of fol-
low-up for both hospitalized and non-hospitalized patients, even
up to six months after injury. For clinical practice, current
guidelines should also take into account non-hospitalized
patients to ensure early identification of all at-risk mTBI patients
who are in need of follow-up to prevent development of com-
plaints and unfavourable outcome.
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